C 16 : 0 , C 17 : 0 cyclo and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH). The polar lipid profile contained the major compounds phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmonomethylethanolamine and diphosphatidylglycerol. The major polyamines were putrescine and spermidine; a minor amount of 2-hydroxyputrescine was present. The DNA G+C content of strain BZ59
T was 61.6 mol%. Combined data from phenotypic, phylogenetic and DNA-DNA relatedness studies demonstrated that strain BZ59 T represents a novel species of the genus Candidimonas, for which the name Candidimonas bauzanensis sp. nov. is proposed. The type strain is BZ59 T (5DSM 22805 T 5LMG 26046 T 5CGMCC 1.10190 T ). The description of the genus Candidimonas is emended.
The genus Candidimonas was proposed by Vaz-Moreira et al. (2011) to accommodate Gram-negative rods that contain Q-8 as the respiratory quinone and summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I), C 16 : 0 and C 18 : 1 v7c as the major fatty acids. At the time of writing, the genus Candidimonas includes two species: Candidimonas nitroreducens and Candidimonas humi. The type strains of these species were isolated from sewage sludge compost. In this study, we describe the characterization of a novel bacterium of the genus Candidimonas.
Strain BZ59
T was isolated from soil of an industrial site containing high amounts of heavy crude oil and heavy metals in Bozen, South Tyrol, Italy, as previously described (Zhang et al., 2010) . Briefly, soil was shaken with sodium pyrophosphate solution and appropriate dilutions were plated on R2A agar (containing 0.05 % yeast extract, 0.05 % peptone, 0.05 % Casamino acids, 0.05 % glucose, 0.05 % starch, 0.03 % sodium pyruvate, 0.03 % K 2 HPO 4 , 0.005 % MgSO 4 , 1.5 % agar; pH 7; Reasoner & Geldreich, 1985) . Strain BZ59
T formed white colonies. Strain BZ59 T was routinely cultured on R2A agar and stored as a suspension in skim milk (10 %, w/v) at 280 u C. C. nitroreducens SC-089 T , C. humi SC-092 T , Parapusillimonas granuli KCTC 12668 T and Pusillimonas ginsengisoli KCTC 22046 T were routinely grown on R2A agar at 25 u C and used as reference strains.
DNA of strain BZ59
T was extracted and purified as described by Sambrook et al. (1989) . The 16S rRNA gene was amplified by PCR with the universal primers 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1541R (59-AA-GGAGGTGATCCAGCCGCA-39). The amplification products were cloned using the pGEM-T Easy vector system (Promega). Sequencing reactions were carried out by Eurofins MWG Operon (Ebersberg, Germany) using the ABI Big Dye Terminator kit (v3.1) and an automated DNA sequencer (model ABI 3730 XL). The sequence was aligned with sequences retrieved from GenBank and EMBL databases using CLUSTAL_X version 1.8 (Thompson et al., 1997) . Neighbour-joining phylogenetic analysis was carried out using MEGA version 4.0 (Tamura et al., 2007) . In addition, a maximum-likelihood tree was generated using PHYLIP version 3.69 (Felsenstein, 2009) . The neighbour-joining tree (Fig. 1) showed that strain BZ59 T clustered with the genus Candidimonas and formed a distinct cluster with C. nitroreducens SC-089 T and C. humi SC-092 T , with which it exhibited 97.7 % and 97.6 % 16S rRNA gene sequence similarity, respectively. A similar topology was found in the maximum-likelihood tree (Fig. 1) .
Morphology of cells grown on R2A agar at 25 u C was examined using phase-contrast microscopy (61000; Diaplan, Leitz) and transmission electron microscopy (Libra 120 EFTEM; Zeiss). Motility was examined using microscopy (61000) and the API M system (bioMérieux). Gram-reaction was tested by Gram-staining and confirmed by KOH lysis. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and cytochrome c oxidase activity was determined using 1 % (w/v) N,N, N9,N9-tetramethyl-p-phenylenediamine. Physiological and biochemical characteristics and enzyme activities were determined using the API 20 NE, API 20 E and API ZYM systems (bioMérieux) at 25 u C. Amylase, lipase and protease T and representatives of other taxa in the family Alcaligenaceae. Bootstrap values (.50 %) based on 1000 replicates are shown at branch nodes. Asterisks indicate that the corresponding nodes were also recovered in the maximum-likelihood tree. Bar, 2 % sequence divergence.
activities were also tested on R2A agar supplemented with the appropriate substrates (Margesin et al., 2003) . Growth under anaerobic conditions was determined after 7 days at 25 u C in an anaerobic jar containing Anaerocult A (Merck) to produce anaerobic conditions on nutrient agar (NA; 0.5 % peptone, 0.3 % meat extract, 1.5 % agar; pH 7) and R2A agar supplemented with 10 mM KNO 3 . Growth at 1-45 u C was assessed on R2A agar and in R2A broth with shaking at 150 r.p.m. Growth at pH 5-10 (using buffered medium) and with 0-10 % (w/v) NaCl was determined on R2A agar. Growth with trypticase soy agar (TSA; 1.5 % casein peptone, 0.5 % soy peptone, 0.5 % sodium chloride, 1.5 % agar; pH 7) was also assessed. All tests were carried out simultaneously with strain BZ59 T and the four reference strains. The morphological, physiological and biochemical characteristics of strain BZ59
T are given in the species description and the features that differentiate strain BZ59
T from the reference strains are given in Table 1 .
For fatty acid methyl ester analysis, strain BZ59
T and the reference strains were grown on TSA at 25 u C for 3 days after quadrant streak inoculation. All strains agreed in their growing behaviour and cells of comparable physiological age were harvested from the third sectors of the quadrant streaks. The fatty acid methyl esters were extracted and prepared according to the standard protocol of the Sherlock Microbial Identification System (version 6.1; MIDI; Sasser, 1990) , using an Agilent 6890N gas chromatograph and were identified using the TSBA database (version 4.10). The fatty acids were determined by the Identification Service of the DSMZ (Braunschweig, Germany). Strain BZ59
T contained the following cellular fatty acids (.3 %): C 16 : 0 (29.6 %), C 17 : 0 cyclo (24.8 %), summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 20.4 %), C 18 : 1 v7c (8.9 %), C 12 : 0 (3.8 %), C 12 : 0 2-OH (2.3%), C 12 : 0 3-OH (1.8 %) and summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I; 4.6 %) (Table S1 , available in IJSEM Online). The fatty acid composition of strain BZ59
T resembled those of the members of the genus Candidimonas (Vaz-Moreira et al., 2011), with the exception that strain BZ59
T contained higher amounts of C 12 : 0 and lower amounts of summed feature 2 and C 18 : 0 than C. humi and C. nitroreducens. . Data were taken from this study unless otherwise stated. All strains are positive for catalase, cytochrome oxidase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase and assimilation of adipic acid. All strains are negative for amylase, protease, lipase (C14), trypsin, a-and bgalactosidases, a-and b-glucosidases, b-glucuronidase, a-mannosidase, a-fucosidase, N-acetyl-b-glucosaminidase, arginine dihydrolase and assimilation of D-mannitol, N-acetylglucosamine, D-mannose, maltose and capric acid. +, Positive; W, weakly positive; 2, negative. Respiratory quinones were extracted and purified according to Collins (1985) and analysed by HPLC (Wu et al., 1989) . The isoprenoid quinone was Q-8. For polyamine and polar lipid analysis, strain BZ59 T was grown in PYE medium (0.3 % yeast extract, 0.3 % peptone; pH 7) and harvested at the late exponential growth phase. Polyamines were extracted as described by Busse & Auling (1988) and analysed as described by Busse et al. (1997) using the HPLC apparatus described by Stolz et al. (2007) ]. This polyamine pattern is in agreement with that of other members of the class Betaproteobacteria, which includes the family Alcaligenaceae (Busse & Auling, 1988) . Polar lipids were analysed according to Tindall (1990a, b) . The major polar lipids (Fig. S1 ) were phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphatidylmonomethylethanolamine (PME) and diphosphatidylglycerol (DPG). Furthermore, minor amounts of an unidentified aminolipid (AL), an aminophospholipid (APL) and two polar lipids (L1 and L2) were detected. This polar lipid profile exhibited several similarities with those of the genus Candidimonas (Vaz-Moreira et al., 2011). As well as PE, PG and DPG, which have also been detected in other taxa of the family Alcaligenaceae, strain BZ59
T shared the presence of PME (designated APL1 by Vaz-Moreira et al., 2011) with C. humi and C. nitroreducens. Of the members of the family Alcaligenaceae, a polar lipid showing the same staining and chromatographic behaviour as PME has only been previously reported for C. humi and C. nitroreducens and Parapusillimonas granuli (Vaz-Moreira et al., 2011). On the other hand, the presence of AL, L1 and L2 and the absence of additional aminophospholipids clearly distinguished strain BZ59
T from the two recognized members of the genus Candidimonas. Considering the close phylogenetic relatedness between the isolate and C. humi and C. nitroreducens, the differences in polar lipid profiles should be considered as indicative of strain BZ59
T representing a novel species of the genus Candidimonas rather than a novel genus.
The DNA G+C content was determined using the thermal denaturation method with Escherichia coli K-12 as the reference. DNA-DNA hybridization was performed by the liquid renaturation method in triplicate, according to De Ley et al. (1970) as modified by Huß et al. (1983) . Both experiments were carried out using a model Lambda 35 UV/ VIS spectrometer equipped with a temperature program controller (Perkin-Elmer). The DNA G+C content of strain BZ59
T was 61.6 mol%. The DNA-DNA relatedness values between strain BZ59 T and C. nitroreducens SC-089 T and C. humi SC-092 T were 23.7±2.3 % and 21.5±3.5 %, respectively. These values are much lower than the 70 % threshold value proposed for separation of strains at the species level (Wayne et al., 1987) .
Strain BZ59
T could be differentiated from C. nitroreducens SC-089 T and C. humi SC-092 T by a number of physiological properties, such as motility, ability to grow at 1-10 u C, urease activity, ability to assimilate glucose, potassium gluconate and malic acid and inability to assimilate phenylacetic acid and to produce alkaline phosphatase. In addition, the isolate differed from Parapusillimonas granuli KCTC 12668 T by its ability to grow at 1-5 u C and urease activity and further from Pusillimonas ginsengisoli KCTC 22046
T by motility and ability to grow under anaerobic conditions. The ability to produce the highest cell yields at 1-5 u C in liquid culture demonstrated the psychrophilic character of strain BZ59
T . We use the term psychrophile as a general term that describes a microorganism that grows in a cold environment (Margesin et al., 2008) , since the use of growth rates to define the optimum growth temperature, as described by Morita (1975) , has been shown to be ambiguous and inappropriate (Cavicchioli, 2006; Margesin, 2009 ).
The polar lipid profile of strain BZ59
T showed some striking similarities with those of the two recognized members of the genus Candidimonas, which were phylogenetically more closely related to each other than to strain BZ59 T ( Fig. 1 ) and which also exhibited higher 16S rRNA gene sequence similarity with each other (99.1 %) than with strain BZ59 T (97.6-97.7 %). Similar degrees of differences were also seen in the polar lipid profiles: those of the two recognized members of the genus Candidimonas were almost indistinguishable, whereas strain BZ59 T lacked two of the four APLs listed in the genus description (Vaz-Moreira et al., 2011) . However, from our point of view, these differences should be considered as species specific and not indicative of a novel genus. Hence, we propose that strain BZ59
T is assigned to the genus Candidimonas as representing a novel species, Candidimonas bauzanensis sp. nov., and that the genus description is emended. Candidimonas bauzanensis (bau.zan.en9sis. N.L. fem. adj. bauzanensis referring to Bauzanum medieval Latin name of Bozen/Bolzano, a city in South Tyrol, Italy, where the type strain was isolated).
Cells are Gram-negative, facultatively anaerobic rods (0.7-0.961.2-1.9 mm after 3 days at 25 u C on R2A agar) and motile by polar flagella (Fig. S2) . Colonies on R2A agar are creamy white, smooth, round and convex with entire margins (after 3 and 5 days at 25 u C, 1-1.2 and 1.5 mm in diameter, respectively). Nitrate is reduced to nitrogen gas. Catalase-and cytochrome oxidase-positive. Grows well at 1-30 u C in R2A broth and on R2A agar, grows weakly at 37 u C and does not grow at 42 u C. In liquid culture, growth is fastest at 25-30 u C and cell density is highest at 1-5 u C. Grows at pH 6-8 and with 0-3 % (w/v) NaCl. Grows on NA and TSA. Negative for indole production from tryptophan, H 2 S production, citrate utilization and aesculin and gelatin hydrolysis. Positive for urease, leucine arylamidase, esterase (C4) and naphthol-AS-BI-phosphohydrolase, weakly positive for esterase lipase (C8) and acid phosphatase, and negative for arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase, tryptophan deaminase, alkaline phosphatase, amylase, protease (skimmed milk), trypsin, a-chymotrypsin, lipase (C14), N-acetyl-b-glucosaminidase, a-and b-galactosidases, b-glucuronidase, a-and b-glucosidases, a-mannosidase and a-fucosidase. Assimilates D-glucose, adipic acid, malic acid, potassium gluconate, trisodium citrate (weakly) and L-arabinose (weakly), but does not assimilate D-mannose, D-mannitol, maltose, N-acetylglucosamine, capric acid or phenylacetic acid. Does not ferment D-glucose, D-mannitol, sucrose, inositol, D-sorbitol, L-rhamnose, melibiose, amygdalin or L-arabinose. The polyamine pattern is composed of major amounts of putrescine and spermidine and minor amounts of 2-hydroxyputrescine, spermine and cadaverine. The isoprenoid quinone is Q-8. The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmonomethylethanolamine and diphosphatidylglycerol. Minor amounts of one unidentified aminolipid, one aminophospholipid and two polar lipids are also detected. The major fatty acids are C 16 : 0 , C 17 : 0 cyclo and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH).
The type strain is BZ59 T (5DSM 22805 T 5LMG 26046 T 5CGMCC 1.10190 T ), isolated from soil from an industrial site in Bozen, South Tyrol, Italy. The DNA G+C content of the type strain is 61.6 mol%.
